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A mouse embryonic cDNA containing two opa-like (CAX). repeats was isolated on the basis of its
cross-hybridization with a Drosophila KJO cDNA. Such repeated sequences were present in different murine
mRNAs, some of which were specifically expressed during fetal life or in different adult tissues. This suggests
that, as already described for Drosophila, opa-like sequences are parts of proteins involved in ontogenic or
cell-type-specific functions in vertebrates. However, unlike Drosophila, such repeated sequences were not found
within the murine homeo-boxes containing genes of the Hox-1 complex.

Several Drosophila developmentally regulated genes con-
tain one or more copies of the repeated motif, (CAX)n,
where X is either a G or an A and n c 30. These genes
include homeotic genes such as Antp (17) and Dfd (16), genes
involved in establishing dorsoventral polarity such as KJO
(F. Deryckere, personal communication) and twist (B.
Thisse, personal communication), as well as other develop-
mentally important genes such as engrailed (9), ftz (11), or
Notch (20). Such repeats were also found within the Ubx,
Iab-2, and Iab-7 regions (16). In several cases, these se-
quences are a part of the coding region and encode stretches
of glutamine residues. These repeated DNA sequences,
called M repeats (17) or opa repeats (20), are present in
rather high amounts within the Drosophila genome. Tran-
scriptional studies reveal that the population of mRNAs
containing opa-like sequences is different depending on the
developmental stage, suggesting that genes containing such
sequences are somehow involved in Drosophila develop-
ment (20). For the homeotic genes, it has been hypothesized
that such runs or polyamino acids could serve as linking or
spacing units within a given homeotic gene product (11) as
previously suggested concerning the hinge (poly-Gly) se-
quence found in the Ubx proteins (4). They may also
function during the putative interactions between several
such protein monomers in establishing spatial multimeric
structure. We looked for the presence of homologous se-
quences in the mouse genome and their possible relation to
recently described murine homeo-boxes. We report here
that opa-like repeats also exist in the mouse genome and that
they are expressed in mRNAs whose transcription is regu-
lated in a tissue and ontogenetic manner, but, unlike the case
ofDrosophila, we show that these repeats are not commonly
parts of murine proteins containing homeo-domains.
We used a Drosophila KJO cDNA clone (M. Haenlin and

E. Mohier, unpublished data) containing opa-like sequences
to screen a mouse embryonic cDNA library prepared in
AgtlO (12) from poly(A)+ RNA extracted (2) from 150
embryos at day 10. Three positive clones were isolated by
hybridization under low-stringency conditions (37% form-
amide, 42°C, 0.1% sodium dodecyl sulfate, 5 x SSC [1 x SSC
is 0.15 M NaCl plus 0.015 M sodium citrate]), and one of
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them, a 650-base-pair (bp) clone, was further analyzed (Fig.
1). The sequence of this clone revealed the presence of two
repeated motifs homologous to the Drosophila Notch opa
box (20). Both repeats were 163 bp long and were composed
almost exclusively of CAG or CAA triplets. These two
unusual sequences were therefore called opa-1 and opa-2,
respectively, and the cDNA clone was called Mopa cDNA
(Fig. 1). Because of the presence of these very large repeats,
the three possible reading frames extended over more than
350 bp. Contrary to what has been found in some Drosophila
cDNAs containing opa sequences (20), no termination
codons were found either within these motifs or in the
immediate proximity. In addition, Fickett's test (8) indicated
that a portion of this Mopa cDNA clone had a high proba-
bility of encoding a protein product. After a stop codon (Fig.
2, position 420), coding sequence probability decreased
significantly, suggesting that the Mopa cDNA represents the
3' end of an mRNA coding sequence. One of the possible
translation products showed stretches of 34 (opa-1) and 32
(opa-2) glutamine residues (Fig. 2). The two boxes are
separated by 13 amino acids, 7 of which were glutamine
residues placed in a row (Fig. 2). When compared with the
Notch opa box, each of these repeats showed a very high
degree of homology as exemplified by opa-2 in which 84% of
the nucleotides (Fig. 2, black dots) and 93% of the amino
acids are identical to the Notch box, and in addition 95% of
the nucleotide mismatches occur at the third position (Fig. 2,
open dots). The lengths of opa-1 and opa-2 are similar to the
poly-Gln sequence of Notch and other Drosophila cDNAs
containing opa repeats (cDNA-S; cDNA-vsl) (20), as is the
presence of a histidine (CAT) residue either within the box
(opa-2) or at its border (opa-1) (Fig. 1, large stars). Outside
the repeated structures, the putative Mopa protein is very
rich in proline (13%) and glutamine (37%) residues that are
often paired, as in the Drosophila Antp gene (17). A 3'
poly(A) tail is also present starting 30 bp downstream from a
potential polyadenylation signal (AATGAA; Fig. 2).
To see whether opa-like sequences are present in a high

number of copies in the mouse genome and whether they are
transcribed into mRNAs, we used a probe containing the
two repeats plus about 150 bp of 3'-flanking region (Fig. 1,
probe A). When this probe was hybridized under high-
stringency conditions (50% formamide, 42°C) to a Southern
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FIG. 1. Restriction map of the Mopa cDNA clone. This 600-bp

cDNA clone represents the 3' part of a large transcript (see Fig. 4)
as judged by the presence of a poly(A) tail. The following restriction
sites are indicated: EcoRI (E); DdeI (Dd); HaeIII (Ha); HpaII (Hp);
and Hinfll (Hi). The two CAX repeats (opa-1 and opa-2) are located
in the 5' part of this partial cDNA clone. The different probes used
for Southern and Northern blot experiments are shown on the top (A
and B).

blot of EcoRI-restricted mouse genomic DNA (20 ,ug),
numerous copies of opa-like sequences were found in the
mouse genome (Fig. 3). However, only a small number of
strongly hybridizing bands were observed (Fig. 3, arrow-
heads), suggesting that only a few repeats show high degrees
of homology with the mouse opa sequences contained in the
Mopa cDNA clone. The smear was presumably due to either
shorter or less homologous sequences.
Poly(A)+ and poly(A)- RNAs extracted from mouse em-

bryos and fetuses from days 10 to 15 as well as total RNA
from various organs were separated on methyl mercury gels
(3) and transferred onto diazobenzyloxymethyl (DBM) pa-
pers (1). Hybridization (19) at high stringency (50% formam-
ide, 45°C) of probe A to fetal RNA (days 15 [15D], 13 [13D],
and 11 [liD]) showed that several poly(A)+ RNAs contained
sequences homologous to the opa box. Two of these tran-
scripts were very abundant, while 10 others were distin-
guishable from the background smear (Fig. 4). No detectable
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FIG. 3. Presence of opa-like repeats in the mouse genome. The
hybridization of a mouse genomic blot with the opa-containing
probe A shows that a large number of copies of opa-like repeats are

present in the mouse genome as judged by the presence of a smear.
However, only a restricted number of these sequences show a high
degree of homology with the opa box and therefore appear as
discrete bands (arrowheads). The filter was exposed for 3 days with
Kodak X-Omat film and intensifying screens. Numbers on the left
are kilobases.

hybridization product was found in poly(A)- RNA. In con-

trast to what is observed in Drosophila (20), the mouse opa
RNAs did not show any developmentally specific expres-
sion, at least during the different fetal stages investigated
(from days 11 to 15, Fig. 4). The presence of discrete bands
in the poly(A)+ fractions indicated that only a limited popu-
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ThrAsn1lePheGlyArgTyr***
ACCAACATATTTGGACGCTACTGAGTCACTTGGAGGAACTGCTTGTACACTGGATGTGGCCCAGCCTTTCTGCTTAATCCCAGTCCCCTTCCTAGGCGA
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GCTCCGATAGTGGTTGGGGTCCTTCCCTCAGGCTCCATTTTTAATGAATCTTTAGTACTTTTGTTAATGTrAAAAAAAAAAAAAAAAAAAAAAAAAAAA

FIG. 2. Sequence of the Mopa cDNA clone and comparison with the Drosophila Notch opa box. The Mopa cDNA sequence is shown
below one of the possible reading frames. The part of the sequence corresponding to opa-2 is aligned with the Drosophila Notch opa box

sequence whose translation product is shown underneath. The homologies between these two boxes at the nucleotide level are indicated by
closed circles, whereas nucleotides which differ without modifying the protein sequence are indicated by open circles. The stars show the

positions of the histidine residues. Sequences were obtained by the Maxam and Gilbert technique (13) with double-stranded cDNA fragments
end labeled at their EcoRI, HpaII, or DdeI sites.
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FIG. 4. Transcription of opa-like sequences in tI
RNA extracted from various adult organs as well a
poly(A)+ RNA extracted from mouse fetuses at da'
separated on a methyl mercury gel, transferred on

and hybridized to the opa-containing probe A (Fig. 1
the figure shows the UV pattern of the RNAs befc
The top of the figure shows the hybridization pa
extracted from the testes, lungs, brain, heart, kidr
spleen, and liver and from the different fetuses from
day 15 (D15). The last lane on the right shows poly'
day 15 fetuses hybridized to probe B which does i

opa-like repeat. In this last case, the same DBM
after dehybridization of probe A. The pattern of
containing RNAs is very different from one adult tii
but the differences seem to result from a combinato
within a set of transcripts (see the text). The pattern
fetal mRNAs (15D [A+], 13D [A+], and 11D [A+
identical for all the developmental stages studied bu
those observed for the adult tissues. No opa-

containing transcripts were found in the correspond

11 poly(A)- RNAs, day 13 poly(A)- RNA being de
UV pattern). The extreme right-hand lane shows th4
fetal transcript corresponding to the Mopa cDNA. A
mRNA was also detected when probed with the
probe (arrowhead). Numbers on the left are kiloba'

lation of embryonic mRNA contained opa-li
homologous to the Drosophila opa repeat. The
of the same DBM paper with a part of the Mop
did not contain either opa-1 or opa-2 (Fig.
showed that our cDNA clone was generated
high-molecular-weight mRNA (Fig. 4, arrow

pected, this transcript was present among the (
observed when probe A was used (Fig. 4) an

fetal mRNA preparations from all developmei
Total RNA (30 ,ug) extracted from differen

tissues was treated as above and hybridized
containing probe A. The hybridization patterr
specific for each of the tissues analyzed and se

from a combinatorial arrangement of a limit
transcripts (Fig. 4). For example, the lung sh

B transcript of about 1.5 kilobases (kb) which was absent from
n r-.-, the testes, brain, and liver but clearly present in the kidneys,

intestines, and spleen. In addition to this RNA, the intestine
contained a second slightly larger transcript (about 2 kb).

Xcs This transcript was absent from the spleen but present in the
testes and the kidneys. Further transcripts were present in
kidneys, some of them being found in the brain and testes.

- One opa-like sequence containing RNA of about 4 kb
appeared exclusively in the testes, whereas no strong tran-
scripts were detected in the liver or in the heart (Fig. 4). The
overall pattern obtained by mixing these different distribu-
tions does not fit exactly with the fetal pattern (see, for
example, the 1.5-kb transcript, absent in embryonic RNAs,
or the Mopa transcript [arrowhead], not found in RNA from
adult organs). We therefore conclude that repeats homolo-
gous to the Drosophila Notch opa box are often found in
murine transcripts which are subject to tissue-specific regu-
lation and that some of them may be differentially expressed
during fetal versus adult life. However, we cannot exclude
the presence of such repeated sequences within RNAs

28S ubiquitously transcribed, either in various tissues or during
i~18S development.
_18S In Drosophila, stretches of monotonic amino acids, espe-

cially poly-Gln, are frequently associated with homeo-box
sequences (see, for example, references 10 and 16), suggest-
ing that a possible coordinate involvement of these two
repeated sequences is required to achieve the corresponding

he mouse. Total protein functions. To determine whether such opa-like se-
as poly(A)- and quences are also present within murine genes containing
y 11 or 15 were homeo-boxes, we used probe A to screen a panel of over-
to DBM paper, lapping cosmid clones containing five homeo-genes (Hoxl-2
). The bottom of to Hoxl-6), members of the Hox-1 complex (5, 7, 14) (Fig.
)ttern of RNAs SA). In this way we isolated a 3-kb EcoRI-BamHI restriction
neys, intestines fragment containing such an opa-like sequence. This repeat
day 11 (Dll) to was located about 2.5 kb downstream from Hoxl4 and
(A)' RNA from about 10 kb upstream from Hoxl-S (previously called Hoxl-3
not contain any and Hoxl-4, respectively, in reference 7). This fragment was
paper was used subcloned into pEMBL8, and the sequence of the corre-
opa-like repeats sponding subfragment revealed the presence of a small
ssue to another, opa-like element (Fig. SB). However, preliminary evidence
observed in the indicated that this small repeat of 10 CAX triplets in a row

i) is essentially (Fig. 5) is not part of either the Hoxl4 or Hoxl-S coding
it different from sequence. We are currently looking for the presence of a
-like sequence- possible opa repeat-containing gene between these two
ding day 15 and transcription units. No other such (CAX), sequences were
graded (see the detected within the Hox-1 complex. Thus, unlike
e position of the Drosophila, murine genes containing homeo-boxes (at least
is expected, this those from the Hox-1 cluster) do not contain opa-like (M
opa-containing repeat) sequences. Whether this reflects differences in the

ses. mode(s) of action of the respective proteins or in their
overall function remains to be determined.

ike sequences Although the presence of repetitive sequences within
hybridization eucaryotic mRNAs has been well documented (8, 15), their

)a clone which functions are still unclear. For the opa repeat, these repeated
1, probe B) sequences may be used as linking or spacing units between

from a rather different protein domains or be required for the correct
head). As ex- establishment of a multimeric protein structure (10). It was
discrete bands recently shown that the RNA sequence encoding the human
Id appeared in glucocorticoid receptor contains an opa-like sequence which
ntal stages. is not present in its mouse counterpart, strongly suggesting
It mouse adult that, in this case, no specific function can be attributed to
with the opa- that sequence (15). However, the results presented here
i proved to be clearly indicate that these sequences are not randomly
emed to result distributed among the RNA population, but instead are
;ed number of preferentially detected in mRNAs whose transcription
towed a major seems to be regulated in an adult tissue-specific manner. In
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FIG. 5. Presence of opa-like sequences in the mouse homeo-box Hox-1 complex. (A) A 2-,g sample of DNA from cosmids 1, 2, and 3 (7)
was double digested with EcoRI and BamHI, separated on an agarose gel, transferred onto a nitrocellulose membrane, and hybridized to
probe A (Fig. 1). The left panel shows the UV pattern, and the right panel shows the hybridization pattern. A strongly hybridizing band
(arrowhead) was observed at the same position in all three cosmid DNAs, suggesting the presence of an opa-like repeat within the region of
overlap of these three cosmid clones. No other significant hybridization was observed within the homeo-box-containing gene cluster, thus
excluding the presence of such (CAX), repeats in the Hox-1 murine homeo genes. (B) Subcloning and sequencing studies revealed that this
repeat is composed of 10 CAX triplets in a row. The exact location of this sequence in the Hox-1 complex was determined by restriction
mapping and comparison with previously reported mapping data on the Hox-1 complex (7). The orientation of the repeat was not determined
and is therefore given arbitrarily. Digestion, electrophoresis, and hybridization of the cosmid clones were as previously described (7).

addition, these sequences are also present among mRNAs
transcribed during fetal development. It is not yet known
whether such RNAs are involved in important developmen-
tal processes as reported for Drosophila.
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